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ABSTRACT
A study was begun in 1994 to determine whether the quality of irrigation drainage from the Walker River Indian Reservation, Nevada, has caused or has potential to cause harmful effects on human health or on fish and wildlife, or may adversely affect the suitability of the Walker River for other beneficial uses. Samples of water, bottom sediment, and biota were collected during June-August 1994 (during a drought year) from sites upstream from and on the Walker River Indian Reservation for analyses of trace elements. Other analyses included physical characteristics, major dissolved constituents, selected species of water-soluble nitrogen and phosphorus, and selected pesticides in bottom sediment. Water samples were collected again from four sites on the Reservation in August 1995 (during a wetterthan-average year) to provide data for comparing extreme climatic conditions. Water samples collected from the Walker River Indian Reservation in 1994 equaled or exceeded the Nevada water-quality standard or level of concern for at least one of the following: water temperature, pH, dissolved solids, unionized ammonia, phosphate, arsenic, boron, chromium, lead, and molybdenum; in 1995, only a single sample from one site exceeded a Nevada water-quality standard for molybdenum. Levels of concern for trace elements in bottom sediment collected in 1994 were equaled or exceeded for arsenic, iron, manganese, and zinc. Concentrations of organochiorine pesticide residues in bottom sediment were below analytical reporting limits. Levels of concern for trace-elements in samples of biota were equaled or exceeded for arsenic, boron, copper, and mercury. Results of toxicity testing indicate that only water samples from Walker Lake caused a toxic response in test bacteria.
Arsenic and boron concentrations in water, bottom sediment, and biological tissue exceeded levels of concern throughout the Walker River Basin, but most commonly in the lower Walker River Basin. Mercury also was elevated in several biological samples collected throughout the Basin, although concentrations in water and bottom sediment were below analytical reporting limits. Sources of arsenic, boron, and mercury in the Basin are uncertain, but ambient levels reported for a variety of sample matrices collected from western Nevada generally exceed ranges cited as natural background levels. Because these potentially toxic constituents exceeded concern levels in areas that do not directly receive irrigation drainage, concentrations measured in samples collected for this study may not necessarily be attributable to agricultural activities.
Diversion of river water for irrigation may have greater effects on beneficial uses of water and on fish and wildlife than does drainage from agricultural areas on the Reservation. In 1994, agricultural water consumption precluded dilution of ground-water seepage to the river channel. This resulted in concentrations of potentially toxic solutes that exceeded levels of concern. Diversion of irrigation water also may have facilitated leaching
INTRODUCTION

Background
Concern about the quality of irrigation drainage and its potentially adverse effects on human health, fish, and wildlife prompted the Department of the Interior (DOI) to identify DOI-sponsored projects and activities in the western United States that might have irrigation-induced water-quality problems. The Walker River Basin ( fig. 1 ) was recognized in 1993 by the Bureau Coordinators for the National Irrigation Water Quality Program (NIWQP) as an area that receives drainage from a DOI irrigation project and may contain elevated concentrations of potentially harmful constituents. The Basin is hydrologically and geologically similar to nearby wetland areas previously investigated by NIWQP studies (Hoffman and others, 1990; Lico, 1992; Hallock and Hallock, 1993; Seiler and others, 1993) . These investigations identified elevated levels of trace elements in water, sediment, and biota collected from agricultural drains, wetlands, and other aquatic areas associated with DOI agricultural projects. Soil and shallow ground water associated with pluvial lakehed deposits were identified as potential sources of trace elements and much of the area used for agriculture in the lower Walker River Basin occurs on similar deposits.
Irrigation-delivery facilities on the Walker River Indian Reservation arc sponsored by the DOI; therefore, an interagency team was assembled to study irrigation drainage from the Reservation to help detennine its potentially adverse effects to fish and wildlife and to other beneficial uses of the Walker River. Team members from the U.S. Geological Survey (USGS), the U.S. Fish and Wildlife Service (USFWS) , and the Bureau of Indian Affairs (BIA) collaborated on the field-screening study.
The objective of this study was to determine if DOI-sponsored irrigation on the Walker River Indian Reservation has caused or has the potential to cause significant harmful effects on human health, fish and wildlife, or has impaired other beneficial water uses. The study focused on irrigation drainage on the Walker River Indian Reservation, hut, because irrigated agriculture is the dominant use of water throughout the Walker River Basin, samples also were collected at sites representative of irrigation drainage upstream from the Reservation and at Walker Lake.
Published reports and historical data were reviewed to characterize conditions throughout the Walker River Basin. Appropriate water, bottomsediment, and biological samples from representative surface-water sites on and near the Walker River Indian Reservation were collected during the mid-irrigation season (May through August 1994) to identify areas with elevated concentrations of potentially toxic elements. Additional water samples from four sites on the Walker River Indian Reservation were collected in August 1995. The data represent two extremes in hydrologic conditions-below normal precipitation in 1994 and above normal precipitation in 1995.
Purpose and Scope
This report presents results of the study and describes the general physiography, hydrology, and biota that may be affected by irrigation drainage from the Walker River Indian Reservation. Concentrations of inorganic constituents in water, bottom sediment, and biota are compared to Nevada water-quality standards for protection of aquatic life and to guidelines established for bottom sediment and biota. In addition, samples of bottom sediment from the Reservation were collected and analyzed for organochlorine compounds. 
DESCRIPTION OF STUDY AREA
The Walker River Indian Reservation, which has the only irrigation project in the Walker River Basin sponsored by the DOI, is the focus of this study, but the study area includes all the Walker River Basin. hi Nevada, the study area largely coincides with five Hydrographic Areas: Antelope Valley, Smith Valley, East Walker Area, Mason Valley, and Walker Lake Valley'.
Physical Setting
The Walker River Basin is primarily in west-central Nevada, with its headwaters in the eastern Sierra Nevada of California ( fig. 1 ). The area includes parts of Mono County in California and parts of Lyon, Mineral, and Douglas Counties in Nevada. The Walker River and its two principal tributaries, East and West Walker Rivers, arc within a closed hydrologic basin draining an area of about 4,050 mi2. The river system begins at the crest of the Sierra Nevada and flows north and northeast before bending sharply to the southeast at the north end of Mason Valley and ultimately discharging into Walker Lake. Mountain ranges in the Basin typically arc 2,0(X) to 4,(XX) ft above the valley floors, which range from about 4,0(X) ft above sea level near Walker Lake to about 7,(X)) ft in the upland meadows of the Sierra Nevada. Dunderberg Peak in the Sierra Nevada, near Bridgeport, Calif., is the highest peak in 'Formal Hydrographic Areas in Nevada were delineated systematically by the U.S. Geological Survey and Nevada Division of Water Resources in the late 1960's for scientific and administrative purposes Cardinalli and others, 1968) . The official Hydrographic Area names, numbers, and geographic boundaries continue to be used in Geological Survey scientific reports and Division of Water Resources administrative activities.
the Basin at an altitude of 12,374 ft, and peaks in the Sweetwater Mountains and in the Wassuk Range exceed 11,000 ft.
The geology of the Walker River Basin is discussed by Ross (1961) , Moore and Archibald (1969) , and Willden and Speed (1974) . Consolidated rocks include volcanic rocks (basalt, rhyolite, and andesite), quartz monzonite, and granodiorite, and ages range from Triassic to Quaternary. Sedimentary rocks of Mesozoic age arc exposed in the southern and eastern parts of the Basin and in the southwestern part of the Basin exposed Mesozoic-age sedimentary rocks typically are metamorphosed. Sedimentary rocks also arc found interbedded with some volcanic rocks. Valleyfill deposits arc of Tertiary and Quaternary age deposited by glacial, alluvial, and lacustrinc processes. Near-surface sediments consist of gravel, sand, silt, and clay, with sand-to clay-sized particles dominating. Clay deposits of lacustrine origin, which arc at least 200 ft thick, arc exposed near Weber Reservoir (Ross, 1961, p. 51) .
The Walker River Indian Reservation occupies about 5(X) mi2 in Mineral and Lyon Counties in westcentral Nevada (Schaefer, 1980, p. 2) . Within the Reservation, the Walker River extends from a point about one-half mile below the USGS stream-gaging station near Wahuska, Nev. (station number 10301500), to Walker Lake. The town of Schurz is the population center, with about 620 inhabitants in 1990 (U.S. Bureau of Census, 1992) . Much of the Reservation is open range used for grazing cattle and about 2,400 acres have surface-water irrigation rights (represent about 2 percent of area in the Walker River Basin with surface-water rights for irrigation) used primarily for cultivation of alfalfa and pastureland. Weber Reservoir provides storage of irrigation water for the Walker River Indian Reservation.
Hydrologic Setting
Hydrology in the Walker River Basin is dominated by the Walker River and by winter precipitation that typically accumulates as snowpack in the Sierra Nevada. The Sierras also intercept most of the available atmospheric water and the eastern part of the Basin is relatively dry. A schematic diagram of the surface-water flow system for the Basin is shown in figure 2. Mean-annual flow measured at USGS streamgaging stations for the 50 years from 1945-94 is about 106,000 acre-ft/yr at the East Walker River near fig. 1 ) in 1872. The combined irrigated area was estimated to be 150 acres and produced more than $3,000 worth of crops. By 1894, about 850 acres of alfalfa, clover, wheat, barley, and melons were grown on irrigated fields of the Reservation (Cooper Consultants, Inc.. 1989, p. 11-6) .
In 1905, the Commissioner of hidian Affairs authorized expenditure of up to $50,(X)0 to extend the irrigation system on the Walker River Indian Reservation. Under this authorization, Assistant Engineer E.E. Jones surveyed land and existing ditches and directed construction, during 1906-10, of a canal system with concrete headgates and a flume crossing the Walker River. Tribal heads of families were allotted 20-acre tracts of irrigable land beginning in 1906, and allotments continued as the irrigation-canal system was extended.
In 1924, die Federal government brought suit against upstream irrigation-water users of the Walker River on behalf of the Walker River Paiute Tribe. This legal action resulted in Decree C-125 in 1936, which made the tribe's water rights the most senior priority on the river. Decree C-125 remains the primary regulatory control on water use of the Walker River (State of California, 1992, p. 59-61) .
The first survey of a reservoir site lbr the Walker River Indian Reservation was made by Assistant Engineer F.E. Weber (U.S. Indian Irrigation Service) in 1915, and by 1927 three reservoir sites had been surveyed for consideration for storage of irrigation water (E.W. Kmquist, U.S. Indian Irrigation Service, written commun., 1927). Weber Reservoir was constructed on the mainstem of the Walker River with funds allocated to the U.S. Indian Irrigation Service (now Bureau of Indian Affairs) from the National Industrial Recovery Act of 1933. Construction of Weber Dam, an earthfilled structure, began in 1933 and water storage began 10 months later (Katzer and Harmsen, 1973) .
Weber Reservoir provides storage of irrigation water for the only DOI-sponsored irrigation project in the Walker River Basin. The reservoir is operated by the BIA to provide irrigation water to the Reservation during the irrigation season (May to October) and also provides flood protection and recreational opportunities. The reservoir has an average capacity of about 9,000 acre-ft with a maximum storage of just over 14,000 acre-ft reported in 1963 (Katzer and Harmsen, 1973) .
As of 1994, the irrigation system on the Walker River Indian Reservation consisted of Weber Reservoir and Darn, a diversion structure about 3 mi downstream from the dam on the Walker River, and a canal system on each side of the river that delivers river water to irrigate about 2,400 acres by the border method (Lewis J. Fry, Bureau of Indian Affairs, written commun., 1994) . In addition to these BIA facilities, the Walker River Paiute Tribe has constructed an open drain through areas irrigated on the south side of the river. A schematic diagram of the surface-water flow system on the Walker River Indian Reservation is shown in figure  3 . The delivery system on the south side of the river above Schurz (Canal No. 1) can supply about 2,000 acres and the system on the north and cast sides of the river and on the west side below Schurz (Canal No. 2) can supply about 4,(X)() acres (Cooper Consultants, Inc., 1989, p. 11-8) .
Walker Lake, the terminus of the Walker River, is a remnant of Lake Lahontan, which covered about 8,60() mil during its last highstand and may have begun to recede as early as 14,000 years ago (Benson and others, 1990, p. 248 and 280) . The altitude of Walker Lake has changed considerably, with at least one period of desiccation (Rush, 1970) . Recently, surface altitude and volume have declined. Since the lake was first surveyed in 1908, surface altitude has declined from 4,086 ft above sea level to 3,946 ft in 1993 and volume has decreased by 72 percent (Home and others, 1994) . Corresponding to this decline, dissolved-solids concentrations have increased from about 2,500 mg/L in 1882 (Russell, 1885 ) to 8,610 mg/L in 1965 (Rush, 1970 to 13,300 mg/L in 1994 (Thomas, 1995, p. 1) . The record of lake-surface decline and increase in the dissolvedsolids concentrations is shown in figure 4 . Loss of habitat and changes in limnological characteristics and lake-water quality have affected biological conditions in Walker Lake (Koch and others, 1979) and several species have been eliminated or have declined in abundance (Sevon, 1993) .
Data from a USGS National Stream Quality Accounting Network station on the Walker River near Wahuska, Nev. (period of record 1968-93) , indicate that river water about one-half mile upstream from the Walker River Indian Reservation generally was of good quality. However, Nevada water-quality standards for protection of aquatic life were exceeded for pH, ammonia, boron, mercury, and molybdenum in 5 percent or more of the samples. Other data include two samples of tailings fluid and one of acid brine, collected in 1976 and associated with copper-ore mining and milling near Yerington, Nev., which exceeded public-supply standards for several constituents and properties including pH, sulfate, dissolved solids, and selected trace elements (Seitz and others, 1982, p. 23-27, 29) . In addition, data provided by the Nevada Division of Environmental Protection fbr water samples collected in 1994 from the abandoned copper mine pit lake, which exceeded Nevada water-quality standards fbr dissolved solids, pH, sulfate, and selenium. No (1:II d on the quality of irrigation drainage were found ibr ii Walker River Basin.
Biota
The species composition of biological communities in the Walker River Basin differs with altitude and proximity to surface water. Uplands in the lower Basin, including the Walker River Indian Reservation, arc characterized by vegetation types associated with the salt desert shrub zone (Fowler and Koch, 1982) . Lacustrine, palustrine, and riverinc wetlands occur throughout the Basin. On the Reservation, palustrine wetlands, including riparian forests, wet meadows, and emergent marshes, are perhaps the most important habitat to wildlife resources. These areas provide Ibraging, nesting, and resting habitat for a variety of wildlife species. Wildlife species that have been identified in the lower Walker River Basin include 174 avian, 46 mammalian, 20 reptilian, and 5 amphibian species (Robert L. Hussey, Nevada Division of Wildlife, written commun., 1994) . Eight fish species arc native to the Walker River Basin (La Rivers, 1962) , and at least 12 non-native species of fish have become established. Recreational warm-water fisheries are maintained in a cooling pond at the Fort Churchill power-generating facility, in ponds on the Mason Valley WMA, in Weber Reservoir, and in Walker Lake, hut little effort is devoted to maintenance of the fishery in the lower Walker River because of summer low flows and high water temperatures. Currently (1996) , hatchery-propagated Lahoni cutthroat trout arc released into Walker Lake in an effort to maintain a population for recreational fishing. 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 Figure 4 . Dissolved-solids concentration and lake-surface altitude for Walker Lake, Nevada, 1882 -1994 (Thomas, 1995 .
One federally listed endangered species (American peregrine falcon) and two threatened species (bald eagle and Lahontan cutthroat trout) inhabit the lower Walker River Basin. Additionally, 20 species of concern that were formerly category-2 candidates for listing as endangered or threatened under the Endangered Species Act of 1973, as amended, also have been identified in the lower Basin (table 1). These include 10 mammals, 5 birds, and 5 plants. American peregrine falcons have been identified in the lower Basin, but arc believed only to be migrants to the area (Herron and others, 1985) . More than 125 bald eagles winter in Nevada and typically are associated with wetland areas in western Nevada. Historically, Lahontan cutthroat trout existed throughout the Basin, with Walker Lake supporting a lacustrine population (U.S. Fish and Wildlife Service, 1995) . Today, only one endemic riverine population remains in the Basin and Lahontan cutthroat trout in Walker Lake have been maintained exclusively through hatchery propagation since 1948 (Sevon, 1988) . Increasing concentrations of dissolved solids in Walker Lake make the prospects for continued existence of Lahontan cutthroat trout and many other aquatic species questionable (Koch and others, 1979; Home and others, 1994) .
SAMPLE COLLECTION, MEASUREMENT, AND ANALYSIS
Sampling sites for this field-screening study were selected to determine concentrations of constituents in water, bottom sediment, and selected biota in areas upstream from DOI-sponsored irrigation, in areas used by migratory birds, including Walker Lake, and in the immediate vicinity of DOI-sponsored irrigation on the Walker River Indian Reservation. These sites were grouped into four categories to facilitate evaluation of water quality from DOI-sponsored irrigation: (1) Drought conditions had persisted during 6 of the 7 years prior to and including 1994, limiting availability of water for both chemical analysis and for the habitat of aquatic biota targeted for tissue analysis. Return flow from irrigated fields on the Walker River Indian Reservation was not found during this study because of reduced availability of irrigation water and because shallow ground water is drained by the channel of the Walker River. Hydrologic conditions changed in 1995, with snow-water content estimated for the Walker River Basin on April 1, 1995, to be 185 percent of the 1961-90 average and 421 percent of what was measured on April 1, 1994 (Natural Resources Conservation Service, 1995 . Therefore, four of the sites on the Walker River Indian Reservation were resampled in August 1995 to provide data for comparing the two extremes. However, return flow from irrigated fields on the Reservation again was not found, despite above-normal precipitation and increased availability of river water fbr irrigation.
Water-Quality Samples
The USGS collected 30 sets of water samples (26 in 1994, 4 in 1995) from 26 sites for determination of major constituents, selected trace elements, and selected species of nitrogen and phosphorus. In addition, 20 samples were collected in 1994 and immediately chilled on ice ibr toxicity tests by the USFWS. Site locations are shown in figure 1 and sites are described in table 2. All water samples collected for chemical analyses were shipped to the USGS National Water-Quality Laboratory in Arvada, Colo. Laboratory analytical and quality-control procedures that were used are described by Friedman and Erdmaim (1982) and Jones (1987) . Analytical reporting limits for constituents in water determined for this study arc listed in table 3.
Water samples were collected at sites with sufficient flow using a DH81 standard hand-held, depth-integrating sampler following the equal-widthincrement method described by Edwards and Glysson (1988, p. 61-65) . Water samples from sites with minimal flow were grab-sampled using a clean polyethylene sample bottle pre-rinsed with native water. Field measurements of pH, specific conductance, dissolved oxygen, alkalinity, and water temperature were made by the USGS at each sampling site. Stream discharge was measured at sites associated with flowing surface water and field-measurement profiles were made along follow the "downstream-order system": The first two digits, or part number, refer to the regional drainage basin (Part 10 is Great Basin). The following six digits are the downstream-order number, which is assigned according to the geographic location of the site in the drainage basin; larger number stations are downstream from smaller number stations. The 15-digit numbers are based on the grid system of latitude and longitude. The first six digits denote degrees, minutes and seconds of latitude; the next seven digits denote the degrees, minutes, and seconds of longitude; the last two digits (assigned sequentially) identify the sites within a 1-second grid. For example, site 384728118433401 is at 38°47'28-latitude and 118°43'34" longitude and is the first site recorded in that 1-second grid. The assigned number is retained as a permanent identifier even if a more precise latitude and longitude are later determined.
b Sample types: E, avian egg; F, fish tissue; I, invertebrate; Q, field blank processed on-site for quality assurance; SI, inorganic constituents in bottom sediment; SO, organic constituents in bottom sediment; V, aquatic vegetation; W, water. .1 mg/g Carbon, inorganic
.1 mg/g a Analytical reporting limits increased (1) for water samples with dissolved-solids concentration greater than 6,000 mg/L and (2) among biological matrices and sample sizes. The limits listed herein are the lowest reporting limit.
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the water column at lake and reservoir sites. All water samples were collected and processed following procedures described by Ward and Harr (1990) and laboratory methods are described by Fishman and Friedman (1989) . Quality assurance of field-measurement techniques and equipment was determined by calibration of meters with standards and buffers and through annual participation in the USGS National Field Quality Assurance program (Janzer, 1985) . Certified inorganicblank water was processed through all equipment to be used for collection and processing of water samples and submitted as an equipment blank for laboratory analysis. In addition to these standard practices, five field blanks were processed to provide data on potential contamination due to all aspects of collection and processing, transportation, and laboratory handling of a water sample.
Data summarized in table 4 show that nearly all chemical analyses of field blanks were at or below analytical reporting limits. However, low-level concentrations of ammonia (0.03 mg/L or less) were detected in all field blanks and one field blank (processed at site 7) had elevated levels of aluminum (10 µg/L), arsenic (12 1.1g/L), barium (3814/4 chromium (1 µg/L), copper (1 µg/L), molybdenum (6 µg/L), and uranium (3 µg/L). One other field blank (processed at site 13) had measurable levels of aluminum (1 µg/L), iron (5 ptg/L), mercury (1.4 µg/L), nickel (2 µg/L), and zinc (1 µg/L). Trace-clement concentrations measured in field blanks arc unexplained and, except for mercury, are insignificant from a toxicity standpoint. Concentrations of mercury were less than the analytical reporting limit in all water samples collected for this study.
Evaluation of chemical constituents and concentrations in water alone may not provide a definitive indicator of toxicity of water (Finger and others, 1993) . Therefore, potential toxicity of water collected during this study also was assessed using Microtox® procedures. Microtox® provides a rapid assessment of the relative toxicity of diverse environmental samples expressed as "effect concentration" (EC50). EC50 is the median effective concentration of samples, expressed as percent, causing a 50-percent decrease in light output under identified conditions of exposure time and temperature (Seiler and others, 1993, p. 27) . The procedure uses a strain of photoluminescent marine bacteria, Photobacterium phosphoreum, as a test organism. The Microtox® instrument measures bacterial luminosity, which is assumed to be a measure of metabolic activity. A decrease in luminosity following exposure of the bacteria to a water sample is interpreted as a depression of metabolic activity, and therelbre provides an indicator of toxic response.
Results of Microtox®, however, may vary from results of other toxicity tests. For example, Microtoe' was found to be generally more sensitive to organic compounds than acute lethality tests with rainbow trout (Salmo gairdneri), fathead minnows (Pimephales Prornelas), or daphnid (Daphnia sp). In contrast, Microtox® was generally less sensitive to inorganic constituents, except for arsenic and mercury, than lethality tests (Munkittrick and others, 1991) .
Bottom-Sediment Samples
Bottom-sediment samples were collected in 1994 by the USGS from seven sites (table 2) within 400-ft2 areas slightly offshore from sheltered shoreline for lakes or reservoirs, and within depositional areas for channelized flow. At each site, five to seven equally spaced samples were collected from the top 2-4 in. of sediment, using a Teflon spatula, and composited in a glass howl. The composited sediment sample was thoroughly mixed and then sieved in the field. Samples for trace-element determination (sites 6, 9, 13, 17, 21, 23, and 25) were passed through a 63-1.1m mesh-size plastic sieve and samples for determination of organochlorine compounds (sites 17, 21, 23, and 25) were passed through a 2-mm mesh-size stainless-steel sieve. Native water from each site was used to facilitate the sieving process. Sieved samples were collected in plastic jars 14 trace-element analysis and samples for organochlorine analysis were collected in pretreated glass jars, maintained at 4°C and packed in ice for shipment to the USGS National Water-Quality Laboratory in Arvada, Colo., for analysis using methods described by Fishman and Friedman (1989) and Wershaw and others (1987) . Analytical reporting limits are listed in table 3.
Biota Samples
The USFWS collected biological samples to assess the extent iuid severity of trace-element contamination at different trophic levels, the potential for trace elements to adversely affect fish and wildlife, and the implications of trace-element contamination to human health. Samples of aquatic vegetation, aquatic invertebrates, and fish were used to assess contamination at three trophic levels of the aquatic food web. Many of these samples also represent the primary food of aquatic birds in the system. Waterlbwl and shore-bird eggs were used to assess the possible effects of trace elements to the reproductive success of migratory birds. Juvenile waterfowl and shore-bird liver tissue were used to assess the potential for trace elements to adversely affect migratory birds and to determine if higher trophic levels arc acquiring trace elements at specific sites. Whole fish and avian muscle tissue also provide a measure of potential hazards to human health (U.S. Environmental Protection Agency, 1989).
A total of SO biological samples (9 samples of aquatic vegetation, 7 invertebrate, 9 fish, 18 avian egg, 4 avian liver, and 3 avian muscle tissue) were submitted for chemical analyses by laboratories under contract to the Patuxent Analytical Control Facility, Laurel, Md. Quality-control procedures that were used arc described by Patuxent Analytical Control Facility (1990). Analytical reporting limits arc listed in table 3.
CHEMICAL CHARACTERISTICS
The possibility for impairment of beneficial uses of water or adverse effects to wildlife or aquatic life was determined by comparing analytical results for samples collected during this field-screening study to Nevada water-quality standards listed in 
Relation of Water Quality to Standards and Criteria
On the basis of Nevada water-quality standards listed in table 5 and of concern-and-effect levels listed in table 6, concentrations of nitrate, nitrite, aluminum, beryllium, cadmium, copper, iron, mercury, nickel, selenium, silver, vanadium, and zinc in water samples collected for this study were below lowest levels of concern or were below analytical reporting limits. Concentrations of dissolved mercury in all water samples were less than the analytical reporting limit (0.1 µg/L), hut this concentration is about eight times greater than the Nevada water-quality standard for protection of aquatic life (0.012 µg/L). Nevada water-quality standards for beneficial uses of the Walker River (table 5) or published levels of concern (table 6) were equaled or exceeded for the following constituents: (1) water temperature, 10 sites above Weber Reservoir (site 17) had water temperatures greater than 17°C during the month of June and one site below Weber Reservoir had a water temperature greater than 28°C during the month of July; (2) pH, 15 samples equaled or exceeded 8.3 pH units and 1 sample was less than 7.0 pH units; (3) dissolved solids, 6 samples equaled or exceeded 5(X) mg/L; (4) unionized ammonia, 5 samples equaled or exceeded 0.02 mg/L, (5) phosphate, 6 samples above Wcher Dam equaled or exceeded 0.1 mg/L and 4 samples downstream from Schurz Bridge equaled or exceeded 0.23 mg/L; (6) arsenic, 7 samples equaled or exceeded 40 µg/L; (7) chromium, 2 samples equaled or exceeded 21.5 µg/L; (8) lead, 1 sample exceeded 1 µg/L; and (9) molybdenum, 7 samples exceeded 19 µg/L. The aquatic life standard for boron (550 µg/L) was eliminated in 1995 because the irrigation-water standard (750 µg/L) was deemed adequately protective. The irrigation-water standard was equaled or exceeded in five samples.
Sources of trace elements are not positively identified for this study. However, soils that have developed during dry climatic conditions are poorly leached. Consequently, soluble minerals (possibly including trace elements) tend to remain in such soils (Hoffman, 1994, p. 7) . Trace elements also were accumulated in Pleistocene lakebed soils that developed as Lake Lahontan receded (Seiler, 1993, p. 9) .
Sites 19, 20, 22, and 23 on the Walker River Indian Reservation were sampled twice. Samples from these sites had physical characteristics or chemical constituents (from at least one of the four sites) that exceeded levels of concern for water temperature, pH, dissolved solids, arsenic, boron, lead, and molybdenum in 1994; but in 1995, only the Nevada water-quality standard !Or molybdenum was exceeded at site 23.
Sites 19 and 20 arc irritation laterals that had rates of flow less than 0.5 fti/s each time they were sampled. Sites 22 and 23 arc on the Walker River; at the times of sample collections in 1994 and 1995, streamflow had increased from <0.01 ft3/s to 150 ft3/s and from 0.69 ft3/s to 60 ft3/s, respectively. Concentrations of major constituents and trace elements in irrigation laterals (sites 19 and 20) were generally lower in samples collected in 1995 than in those collected in 1994, despite little change in flow rates. The concentration of dissolved solids in the sample collected from Weber Reservoir in 1994 (296 mg/L) was more than twice the concentration measured in samples from irrigation laterals in 1995. Changes in water quality at sites 22 and 23 (for example, dissolved-solids concentrations at site 23: 1,450 mg/L in 1994 and 177 mg/L in 1995) show the effect of diluting poor-quality ground-water seepage with river water.
Nevada water-quality standards for water temperature and pH, and for concentrations of dissolved solids, un-ionized ammonia, and phosphate, arc designated fir specific control points on the Walker River and Topaz Lake. Therefore, data collected at sites away from these control points (lbr example, sites in California and the ponds, canals, and drains that were sampled for this study) arc not under the jurisdiction of these water-quality standards. In these cases, the waterquality standards are considered for comparison purposes only. The water-quality standard for water temperature was exceeded at sites on the West and East Walker Rivers in Nevada that were sampled during June 1994, probably because of low flows that resulted from the drought.
The two samples from Walker Lake arc among those that equaled or exceeded levels of concern for each of the 10 water-quality constituents listed previously, except for water temperature, un-ionized ammonia, and lead. This was expected because Walker Lake, thc terminus of the Walker River has no outlet, and evaporation from that lake surface exceeds mean annual precipitation on the lake by more than 3 ft/yr (Thomas, 1995, p. 3) . Samples from Walker Lake had the highest measured concentrations for dissolved solids (13,600 mg/L), arsenic (1,2(X) µg/L), boron (30,0(X) µg/L), chromium (30 lig/L), and molybdenum (350 µg/L) in the study area (tables 8 and 10).
Concentrations of dissolved arsenic in water samples collected in 1994 from the Walker River Basin (table 10) ranged from <1 µg/L (site 1) to 1,200 µg/L (site 26) and the median concentration was 16 µg/L (mean: 125 µg/L). The Nevada water-quality standard for protection of aquatic life established for arsenic is specific to arsenite (As+3), which was not measured in this study. The 96-hour standard for As+3 is 180 µg/L and the 1-hour standard is 360 µg/L. These standards are based on the highest average concentration of As+3 that should not result in unacceptable effects on aquatic organisms or their uses when in contact with such water for 4 days (96-hour standard) or 1 hour. Concentrations of arsenic (As+3 plus As+5) measured in this study exceeded 360 µg/L in samples from two sites (table 10) , but for the range of pH values measured tor this study (6.9-9.2) and the oxidation-reduction potential expected for oxygenated surface-water (Eh greater than 0 volts), most of the dissolved arsenic probably occurs as the less-toxic arsenate (As+5; Welch and others, 1988, p. 336) . A published effect level for arsenic (As+3 plus As+5) of 40 µg/L (U.S. Environmental Protection Agency, 1985a) was equaled or exceeded in samples from seven sites (sites 12-14 and 23-26), including samples from those two sites with arsenic concentrations greater than the As+3 standard.
Dissolved boron concentrations (table 10; 1994 samples) ranged from <10 µg/L (site 1) to 30,0(X) µg/L (site 25). The median concentration was 375 µg/L (mean: 2,910 [i.g/L). More than half the sites sampled (sites 7-26) exceed the concern level of 2(X) µg/L for vertebrate embryos (Birge and Black, 1977, p. 27 ) and five samples (sites 22-26) exceed the Nevada waterquality standard of 750 µg/L for irrigation water. Concentrations of chromium (table 10; 1994 samples) ranged from <1 µg/L (14 sites) to 30 µg/L (sites 25 and 26). A published level of concern (21.5 µg/L; Birgc and others, 1979a) was exceeded by the two samples from Walker Lake. However, Nevada water-quality standard for protection of aquatic life established for chromium is specific to hexavalent chromium (Cr+6), which was not measured in this study. On the basis of pH of the lake (9.2) and an Eh of 0.1 volts (estimated from temperature and dissolved oxygen), most of the chromium should be present as the less toxic Cr+3. Toxicity of chromium to aquatic organisms also is related to water hardness; therefore, the chromium standards for protection of aquatic life are based on water hardness. Using the hardness formula, the effect level for Walker Lake (hardness: 725 mg/L) would he about 8,800 µg/L for 1-hour average concentration and 1,040 µg/L for 96-hour average concentration.
Concentrations of lead (table 10) were less than the analytical reporting limit (1 µg/L) in all samples except site 23 (2 µg/L; 1994 sample), which exceeds a published level of concern (U.S. Environmental Protection Agency, 1985b). Concentrations of lead from Walker Lake (sites 25 and 26) were less than a higher analytical reporting limit (8 µg/L) that resulted from interferences from the high concentration of dissolved solids; therefore, the status of Walker Lake relative to the 1-µg/L level of concern is unknown. Toxicity of lead to aquatic organisms is related to water hardness; therelbre the lead standard for protection of aquatic life is based on water hardness. Using the hardness formula, the Nevada water-quality standard for lead in Walker Lake would he 40 µg/L. Molybdenum concentrations (table 10; 1994 samples) ranged from <1 µg/L (site 4) to 350 µg/L (site 25) and the median concentration was 10 µg/L (mean: 42 µg/L). The Nevada water-quality standard for molybdenum for protection of aquatic life (19 µg/L) was exceeded in 7 samples (sites 13 and 22-26).
Effect or concern levels for uranium for protection of aquatic life have not been identified, but a maximum contaminant level (MCL) of 20 µg/L total uranium has been proposed for drinking water to protect the public (U.S. Environmental Protection Agency, 1991). Concentrations of dissolved uranium (table 10; 1994 samples) ranged from <1 µg/L (sites 1, 4, and 5) to 200 µg/L (site 25) and the median concentration was 9 µg/L (mean: 22 µg/L). The proposed MCL was exceeded at three sites (sites 22, 25, and 26).
Selenium was not detected above analytical reporting limits in samples of water collected during this study. Doyle and others (1995, p. 559) reported concentrations of selenium in the Walker River Basin that ranged from less than an analytical reporting limit of 0.02 µg/L in samples from the West Walker River to 0.04-0.1 µg/L in the East Walker River and 0.27 µg/L in the Walker River near Wahuska, Nev. (site 15). The concentration of selenium in a sample from Walker Lake was 0.16 µg/L, which suggests that although evaporative concentration may have occurred in the upper river, selenium was not concentrated by evaporation in the terminal lake. Potential removal mechanisms have not yet been verified (Doyle and others, 1995, p. 562) . Selenium also has been measured at concentrations above effect levels in water samples from the copper-mine-pit lake and tailings fluid in Mason Valley.
Toxicity Tests
Twenty water samples collected during JuneAugust 1994 were tested for potential toxicity using Microtox® procedures (table 11) . With the exception of Walker Lake, water collected for this field-screening study did not produce an effect on bacterial luminosity. In these 18 water samples, the effect concentration (EC50) exceeded 100 percent (EC50 >100). Two water samples collected from Walker Lake did cause a toxic response (EC50, 6 percent or less).
Bottom Sediment
The State of Nevada has not established criteria for the protection of aquatic life ibr trace elements ill bottom sediment. Therefbre, informal guidelines for sediment quality in marine and estuarine environments (Long and Morgan, 1991) and guidelines for the protection and management of aquatic-sediment quality (Persaud and others, 1993) were used to assess possible biological implications of trace-element concentrations in bottom-sediment samples collected for this study. A concern-level designation was assigned to a sediment concentration reported to cause an effect in 10 percent of the toxicity tests considered (Effect Range-Low; Long and Morgan, 1991) or to a concentration where biological effects first become apparent (Lowest Effect Level; Persaud and others, 1993) . Concentrations of trace elements in bottom-sediment samples collected in 1994 for this field-screening study are listed in table 12 and concentrations of organochlorine compounds arc listed in table 13. Unless otherwise noted, concentrations in bottom sediment are in dry weight.
Following guidelines listed in table 6, bottomsediment samples collected for this field-screening study (table 12) were below levels of concern for cadmium, chromium, copper, lead, mercury, nickel, and selenium. The concentration of arsenic in a sediment sample from Mason Valley WMA (75 µgig) exceeded a concern level (33 µgig; Persaud and others, 1993) and the concentration of zinc in a sediment sample from Weber Reservoir matched a concern level (120 µgig; Long and Morgan, 1991) . All sediment samples collected during this study exceeded the concern levels for iron (21,200 µg/g) and for manganese (460 µgig; Persaud and others, 1993).
Because of their hydrophobic property and tendency to sorb to organic material, organochlorine compounds may accumulate in bottom sediments (Nimmo, 1985) . Therefore, four samples of bottom sediment were collected from the Reservation and analyzed for these potentially toxic compounds. No organochlorine compound residues were detected (table 13).
Biota
The State of Nevada has not established criteria for the protection of aquatic life for trace elements in biological tissue. Therefore, the potential for biological effects associated with trace-element residues in biological tissue was assessed by comparing measured concentrations with guidelines reported in published literature (table 6) . A concern-level designation was assigned to a concentration so noted in the literature or a concentration associated with an apparent minor biological effect (for example, decreased growth rate for a limited time or LC1). Effect levels were assigned to a concentration so noted in the literature or to a concentration associated with a significant biological effect (for example, reduced growth rate, reproductive disorders, increased mortality, or teratogenesis).
According to guidelines listed in table 6, cadmium, chromium, lead, molybdenum, selenium, vanadium, and zinc residues in biological tissues were below levels of concern or effect. Insufficient information was available to assess implications of aluminum, beryllium, barium, iron, magnesium, manganese, nickel, and strontium residues in biological tissues. Concentrations of trace elements in biological samples collected for this study during 1994 arc listed in table 14. Unless otherwise noted, concentrations of trace elements in biological tissue are in dry weight.
Both dry-weight and wet-weight concentrations are referred to in the discussion in the following sections where concentrations are compared to published levels of concern or effect. Dry-weight concentrations and moisture percentage values listed in table 14 can be used to calculate wet-weight equivalent concentrations. The conversion is done by multiplying the dryweight concentration by 1 minus the sample-moisture percentage expressed as its decimal equivalent.
Aquatic Vegetation
Samples of aquatic vegetation collected ibr this study included six of pondweed (Potamogeton sp.), two of waterweed (Elodea sp.), and one of widgeon grass (Ruppia maritima, table 14). Aquatic vegetation is an important dietary item for many species of dabbling ducks, some diving ducks, and some species of fish. Arsenic in aquatic vegetation collected from one reference site (site 6, 32.5 µgig) and one site on the Walker River Indian Reservation (site 22, 57.5 ligJg) exceeded dietary effect levels for birds (30 µg/g; Camardese and others, 1990 ) and for fish (30 µg/g; Oladimeji and others, 1984) . Boron concentrations in aquatic vegetation collected at all sites except fbr two samples from the reference area-Bridgeport Reservoir (above site 2) and Topaz Lake (site 6)-exceeded an avian dietary level associated with reduced weight gain of mallard ducklings (30 µgig; Smith and Anders, 1989) . Mercury residues in one sample of aquatic vegetation collected from Mason Valley WMA (site 12) exceeded an avian dietary effect level (0.51.tglg; Heinz, 1979) .
Aquatic Invertebrates
Aquatic invertebrates collected for this study included four samples of aquatic and semiaquatic hugs (Hemiptera sp.), one damselfly (Odonata sp.), and two crayfish (Decapoda sp.). Aquatic invertebrates arc common dietary items consumed by fish, waterfowl, and shorebirds. In the seven invertebrate samples, all trace elements, except boron and mercury, were at concentrations less than the lowest guidelines listed in table 6. One damselfly sample collected from Walker Lake (112 µgig; site 26) exceeded an avian dietary concern level for boron associated with reduced weight gain of mallard ducklings (30 µgig; Smith and Anders, 1989) . No samples exceeded an avian dietary effect level associated with reduced hatching success or duckling survival (1,0(X), µgig; Smith and Anders, 1989) . Mercury residues in crayfish (site 15; 0.51 µg/g) and in hemiptera (site 12; 2.78 µgig) collected in Mason Valley and in a backswimmer sample collected from the Walker River on the Walker River Indian Reservation (site 22; 1.32 µg/g) exceeded an avian dietary effect level (0.5 µgig; Heinz, 1979) .
Fish
Nine composite samples of whole fish were collected for this study. These included largemouth bass (Micropterus salmoides, three samples), Lahontan redside (Richardsonius egregius, two samples), black bullhead (Ictalurus melas, two samples), and tui chub (Gila bicolor, two samples). Fish may be consumed by humans and a variety of piscivorous birds. Arsenic concentrations in fish samples collected from the Walker River above Weber Reservoir (site 16; 0.24 µgig, wet weight) and Walker Lake (site 26; 0.95 µgig, wet weight) exceeded a concern level for whole fish (0.22 µg/g, wet weight; Schmitt and Brumbaugh, 1990 ), but were below a concentration associated with decreased growth and survival (2.1 µg/g, wet weight; Gilderhus, 1966) . Copper concentrations in one fish sample collected from Bridgeport Reservoir (above site 2; 1.3 µgig, wet weight) exceeded a concern level for whole fish (0.9 µgig, wet weight; Schmitt and Brumbaugh, 1990) . Mercury residues in compositefish samples collected from Bridgeport Reservoir (above site 2; 0.18 µg/g, wet weight), Walker River near Wahuska (site 15; 0.20 µgig, wet weight), and Walker River below Weber Reservoir (site 18; 0.24 µgig, wet weight) exceeded a concern level for whole fish (0.17 µg/g, wet weight; Schmitt and Brumbaugh, 1990 ). These three composite-fish samples and two samples collected above Weber Reservoir (site 16, 0.72 µgig and 0.57 µg/g, dry weight) exceed an avian dietary effect level (0.5 µgig, dry weight; Heinz, 1979) .
Concentrations of mercury in composite-fish samples were well below the regulatory limits for human consumption (1.0 µgig, wet weight; U.S. Environmental Protection Agency, 1989). However, the fish sampled for this study may not reflect accumulation or magnification found in mature fish or higher trophic levels.
Bird Eggs, Livers, and Muscle Tissue A total of 18 avian eggs, including 9 American coot eggs (Fulica americana), 6 American avocet eggs (Recurvirostra americana), and 3 mallard eggs (Anus platyrhynchos), were collected for this study. Four liver (one American avocet and three American coot) and three muscle (one American avocet and two American coot) samples from juvenile birds also were collected. Mercury residues in a mallard egg collected from Mason Valley WMA (1.54 µgig, wet weight) exceed an effect level for avian eggs (0.83 µg/g, wet weight; Heinz, 1979 ). An American avocet egg collected from a wetland north of the WMA (0.80 µg/g, wet weight) approached this effect level. Mercury residues in avian liver and muscle tissues were below levels of concern. According to guidelines in table 6, concentrations of all other trace-element residues in eggs, liver, or muscle tissue were below levels of concern where such levels been established.
SUMMARY AND CONCLUSIONS
The Walker River Basin was recognized in 1993 by the Bureau Coordinators for the National Irrigation Water Quality Program as an area that receives drainage from DOI-sponsored irrigation, and thus was identified as a field-screening study area. The purpose of this study was to determine if DOI-sponsored irrigation on the Walker River Indian Reservation has caused or has the potential to cause significant harmful effects on human health or fish and wildlife, or has impaired other beneficial water uses. Water, bottom-sediment, and biological samples were collected during the mid-irrigation season (May through August 1994) to characterize conditions throughout the Basin and to identify areas with concentrations of potentially toxic elements that exceeded criteria or standards. In August 1995, water samples were collected again from four sites on the Walker River Indian Reservation. Data from the two periods allow comparison of water quality during the drought conditions in 1994 and after above-normal precipitation in 1995.
The Walker River Indian Reservation occupies about 5(X) mil in Mineral and Lyon Counties in westcentral Nevada. Much of the Reservation is open range used for grazing cattle, and about 2,4(X) acres have surface-water irrigation rights (representing about 2 percent of the total area in the Walker River Basin having surface-water rights for irrigation) used primarily for cultivation of alfalfa and pastureland.
Weber Reservoir provides storage of irrigation water for the Walker River Indian Reservation. Irrigation on the Reservation began in 1866. In 1924, the federal government brought suit against irrigation-water users of the Walker River on behalf of the Walker River Paiute Tribe. This suit resulted in the tribe's water rights being designated as the most senior on the river.
As of 1994, the irrigation system on the Walker River Indian Reservation consisted of Weber Reservoir and Dam, a diversion structure about 3 mi downstream from the dam on the Walker River, and a canal system on each side of the river that delivers river water to irrigate about 2,400 acres by the border method. The entire irrigation system can supply about 6,000 acres.
Water-quality standards or levels of concern were equaled or exceeded for the following constituents: water temperature, pH, dissolved solids, un-ionized ammonia, phosphate, arsenic, boron, chromium, lead, and molybdenum. The four sites that were sampled both years had physical measurements or chemical constituents in at least one sample that exceeded levels fbr water temperature, pH, dissolved solids, arsenic, boron, lead, and molybdenum in 1994; hut in 1995, only molybdenum exceeded the Nevada water-quality standard, at one site. Concentrations in irrigation laterals were generally lower in samples collected in 1995 than in those collected in 1994, despite little change in flow rates. Changes in water quality at Walker River sites that were sampled in both years show the effect of diluting poor-quality ground-water seepage with river water.
Results of toxicity testing indicate that only water samples from Walker Lake elicited a toxic response by test microorganisms. Published levels of concern for trace-elements in bottom sediment were equaled or exceeded for arsenic, iron, manganese, and zinc. Concentrations of all organochlorine compounds analyzed in bottom sediment were below the analytical reporting limit. Published levels of concern for trace elements in samples of biota collected for this study were equaled or exceeded for arsenic, boron, copper, and mercury.
Mercury concentrations (wet weight) ranged from 0.10 to 0.25 p,g/g in avian muscle tissue and from 0.04 to 0.24 ligig in whole fish. These concentrations were well below the regulatory limits for fish or waterfowl fir human consumption for mercury (1.0 µgig, wet weight). However, fish sampled for this study may not reflect accumulation or magnification found in mature fish or higher trophic levels.
Arsenic and boron concentrations in water, bottom sediment, and biological tissue commonly exceeded levels of concern throughout the Walker River Basin, hut levels were exceeded most commonly in the lower Basin. However, concern levels were exceeded even in areas that do not directly receive agricultural drainage and therefbre may not he directly associated with agricultural drainage activities. Sources of arsenic and boron are not positively identified, hut elevated levels of arsenic and boron in bottom sediment in other wetlands in west-central Nevada have been reported. These trace elements occur naturally in Pleistocene lakehed soils in this area.
Similarly, mercury was elevated in several biological samples collected throughout the Walker River Basin. However, mercury was below levels of detection in water and bottom sediment. Like arsenic and boron, the wide distribution and occurrence of mercury in areas not receiving agricultural drainage suggests that elevated levels of mercury in biological samples are not directly attributable to agricultural activities. Sources of mercury in the Basin arc uncertain, but ambient levels reported for different matrices collected from western Nevada generally exceed ranges cited as natural background levels.
Selenium was not detected in samples of water or bottom sediment collected for this study and samples of biota had concentrations below levels of concern. Selenium has been measured at concentrations above effect levels in water samples from the copper-mine-pit lake and tailings fluid in Mason Valley.
Persistent drought conditions limited availability of water for chemical analysis and for the habitat of aquatic biota targeted for tissue analysis. The only established drain on the Walker River Indian Reservation remained dry during the study period , and in 1994, virtually all water released from Weber Reservoir was diverted for crop irrigation on the Reservation. Ground-water seepage to the otherwise dry river channel on the Reservation exceeded Nevada water-quality standards for dissolved solids, sulfate, phosphate, arsenic, boron, and molybdenum. In 1995, increased flows in the river diluted concentrations of most water-quality constituents of concern. These data suggest that if ground-water levels were raised high enough to result in ground-water discharge to the agricultural drain, associated water-quality problems might result. (Seiler and others, 1993, p. 27 
